One of the major challenges faced in the optimization process of existing heating systems is the harnessing and integration of a higher share of renewable energy. Centralized integration at the thermic source leads to high investment costs at the first investment stage, and low values of conversion, transport, and storage efficiencies, due to high levels of heat loss from large-capacity entropic systems. This research paper presents a case study on the partially decentralized integration of thermal solar fields that are used for heat production in crowded urban areas within the optimization process of the existing heating system in the city of Oradea, Romania. A deterministic method was used as the method for the calculation of heat demand, in both stationary-hourly heat demand and dynamic regimes-annual heat demand, and the simulations within the configuration and the optimization process of the hybrid heating systems were carried out. In the case study, four representative urban areas with different thermal densities were analyzed within two working scenarios, which took into account the energy performances of the buildings inside the studied areas before thermal retrofitting, and after a usual thermal retrofit.
Introduction
At present, almost 50% of the total energy that is consumed in Europe is being used for the generation of heat for either domestic or industrial purposes [1] . Around 40% of the total energy consumed is consumed in buildings; thus, buildings are responsible for generating more than 35% of the total carbon emissions in the European countries [2, 3] . The vast majority of buildings are placed within urban areas, thus resulting in areas with high energy consumption densities [4] . In the current context, worldwide, there are many ways to face the challenges of sustainable development in the energy field. Efficient usage of energy and energy resources represents a major objective, focusing on the percentage increase of the use of clean and renewable energy sources (RES). Optimizing the energy balance of the urban thermo-energy sector by harnessing renewable energy sources identified within urban areas meets such requirements.
The thermal energy demand that is related to space heating and hot water preparation within residential and services sectors represents an important part of the total thermal energy demand at connected with the systems' optimal capacity configuration, so that the RES installations will present a minimal footprint, and they will not impact each other [7] , which are both aspects that represent challenges within crowded urban areas. In the case of using geothermal resources, the optimal solution seems to be achieved when consumers from high-energy density areas are connected to the centralized district heating system, and those from low-energy density areas are provided with individual heating systems based on the exploitation of renewable resources [7] .
The obtained conclusions may represent input data in the case of using other types of renewable and clean energy sources. On the other hand, regarding solar systems, the existing district heating systems through the district networks may represent a sustainable alternative to managing the resulting excess energy, which is due to the variable nature of the solar resource, thus allowing for an increase in the share of renewable energy, insofar as the technological footprint does not exceed the available surfaces for mounting the collectors.
With regard to thermo-solar resources in particular, at a European level, this represents an important component in the configuration of future district heating systems. Thermo-solar systems of medium and large capacity (>100 m 2 collecting surface), efficiently integrated into the current or future district systems, already represent one of the cleanest and most innovative methods for energy optimization and the reduction of fossil fuel consumption, and implicitly, the reduction of associated CO 2 emissions. In Europe, there are several applications that are in the course of implementation, or at different monitoring stages, on this matter [29] [30] [31] [32] [33] [34] [35] [36] . Monitoring such applications allows for significant amounts of information to be secured regarding the influence of operating conditions, and strategies on the efficiency of hybrid systems. In some applications, the annual operating efficiency of thermo-solar systems, storage systems, or hybrid heating systems is below the values of the estimated efficiency during the designing stages [29] [30] [31] [32] [33] [34] [35] . This is due to different causes, the most common being the inadequate parameter regimes and operating strategies of the hybrid heating systems. Contrary to all of these obstacles, harnessing clean renewable energies within urban areas for the production of heat remains a necessary objective that needs to be met, as it is desirable from many points of view, among which the most important are:
•
The reduction of greenhouse emissions that are associated with the production of thermal energy.
The reduction of noxious gases that impact a population's health, which are associated with the production of thermal energy within urban areas.
Framing the building that is connected or equipped with hybrid heating systems in superior classes of energy performance.
Offering to the final consumers who are connected to the district heating system, the possibility of being directly involved, through coparticipation, in the production and management of thermal energy (based on the feed-in principle).
Methodology

Problem Formulation
One of the most important indicators in the case of using renewable and alternative energy sources is the footprint of the land use. The land-use footprint [37] represents the effective share of the land that is used to capture, convert, and store the renewable energy, without the possibility of using these surfaces in other anthropic activities (i.e., farming, constructions, etc.). In the case of renewable energy resources, the real land-use footprint is not always equal to the value of the indicator, and it presents particular features that are dependent on the type of source. If, in the case of geothermal heating systems, the real footprint and its usage impact effects on other activities are rather low, due to the fact that most of their components are placed underground [37] , in the case of harnessing, converting, and storing solar energy, this indicator becomes rather decisive for configuring the heating system, together with the global technical-economic efficiency of the hybrid system. In this context, the issue related to the optimization of the energy balance, by increasing the share of using solar thermal resource (RES-S), may be reduced to a function of two interdepending variables-harnessing the share of RES-S, and the efficiency of the optimized hybrid system, a function for which the land-use footprint of RES-S represents a major restriction.
The Purpose and Contribution of the Paper
The general purpose of this paper is to contribute to highlighting the possibilities of using solar energy in heat production within crowded urban areas, and to quantify the performances of the hybrid systems, in order to optimize, from a thermo-energy point of view, the existing heating systems. The specific purpose of this paper is the configuration of a case study, where some representative parameters are determined and analyzed.
In particular, the contributions of this paper are: determining the thermo-energy footprints of the analyzed reference urban areas, and the assessment of the efficiency and environmental impact of thermo-solar fields that are integrated in a decentralized manner at the level of the zonal thermal stations, within the configured case study. A major contribution of this paper is the possibility of extrapolating the secured results within a case study, by obtaining several specific performance indicators that are representative and exhaustive, but that are also closely connected to the particularities of different urban areas-thermal density, the number of consumers, the available surfaces, etc.
Methodology
Method Description
The method that is used is based on identifying the specific performance indicators that will accurately quantify the energy footprint of the solar resource that is harnessed within the urban areas, and this will allow for their extrapolation, in order to be reused to conduct exhaustive studies.
In order to configure the case study, the city of Oradea, situated within western Romania, has been selected. It was selected due to the fact that the urban heating is based largely on a district heating cogeneration system, and the current urban strategy representing elevated trends of modernization and optimization of the thermal energy production and transport system, as well as of the integration of identified renewable energy sources.
The configuration of the case study is presented in detail within the following subsection, and it presents the assessment of solar energy as a resource within the respective area, the configuration of the reference thermal consumers-the areas and the configuration of the hybrid heating system. Following centralization of the input data, it was decided that the four representative urban areas would be kept, and herein they are marked as A1 to A4, which are different from one another by the number of inhabitants and the thermal density. In order to quantify the energetic performance of the hybrid heating systems, and due to the fact that the trend is to thermally envelope buildings, two work scenarios were considered: Scenario 1 (S1)-before the thermal rehabilitation and modernization of existing buildings, respectively, and Scenario 2 (S2)-after the thermal rehabilitation and modernization of the existing buildings, respectively, for a common level of thermal enveloping of buildings [38, 39] .
The data secured in the case of the buildings located within the urban areas that were analyzed in Scenario 1, and the demands for heating and domestic hot water preparation respectively, were compared to the current rates of consumption.
The demands for heating and domestic hot water preparation have been processed mathematically, securing the thermo-energy footprint and ranked curve of the thermal energy demand, based on how the thermo-solar fields were configured, with respect to the available mounting surfaces-the land-use footprint.
Upon configuring the thermo-solar fields, the following criteria were considered:
• The efficiency of the thermal energy harness is higher than the integration of the solar fields, and it is closer to the consumption points, with the possibility of managing excess energy by delivering it to the district heating networks [40] , based on the feed-in principle. In this sense, the partially decentralized integration of the solar fields at the level of the thermal points of the area have been considered.
•
The available surfaces for the placement of solar collectors (i.e., on-roof terraces, roofs of parking lots, etc.).
The hydraulic and technological optimization of thermo-solar systems was conducted by using the Polysun software platform (version 2016, Vela Solaris AG, Winterthur, Switzerland), with the aim being to secure the highest annual solar fractions (as close as possible to 60%) under the high global thermo-energy efficiency of the hybrid heating system, and the high yields of the thermo-collector fields, respectively.
Description of the Case Study: A Hybrid Energy System
The description of the proposed case study presents three main aspects: modelling the solar resource for the reference location, configuration of the urban areas, determining their representative characteristics, and configuration of the hybrid system of heating, respectively.
Solar Energy Resources
The annual average of global solar irradiation in the case of the reference location within the proposed case study is 1249.27 kWh/m 2 on a horizontal surface [41] . The average monthly values of solar irradiation and wind for the proposed location are modelled within Figure 1 . The hydraulic and technological optimization of thermo-solar systems was conducted by using the Polysun software platform (version 2016, Vela Solaris AG, Winterthur, Switzerland), with the aim being to secure the highest annual solar fractions (as close as possible to 60%) under the high global thermo-energy efficiency of the hybrid heating system, and the high yields of the thermo-collector fields, respectively.
Description of the Case Study: A Hybrid Energy System
Solar Energy Resources
The annual average of global solar irradiation in the case of the reference location within the proposed case study is 1249.27 kWh/m 2 on a horizontal surface [41] . The average monthly values of solar irradiation and wind for the proposed location are modelled within Figure 1 . 
The Urban Area
The area of the reference locality, the city of Oradea, located in Western Romania, has been proposed for the development of the case study [42] . The typologies of the thermal energy consumers from the reference locality are illustrated in Figure 2 .
The locality is placed within an eastern European geographical area, having a moderate to cold climate, and the following climate characteristics, as per current Romanian regulations in force, are shown in Table 1 . 
The locality is placed within an eastern European geographical area, having a moderate to cold climate, and the following climate characteristics, as per current Romanian regulations in force, are shown in Table 1 . The beginning (and duration) of the heating period is not the same for all of the buildings in the area. In the case of the centralized heating systems in Romania, the threshold values of the temperature for the beginning and the end of the heating period have been established at +12 • C, recorded for three consecutive days, and +10 • C, respectively, depending on the building's destination, as in Table 1 [44] .
In order to configure the heating system, the partial thermo-energy zoning of the locality has been introduced, with the identification of zonal thermal consumers, as per Figure 2 . The beginning (and duration) of the heating period is not the same for all of the buildings in the area. In the case of the centralized heating systems in Romania, the threshold values of the temperature for the beginning and the end of the heating period have been established at +12 °C, recorded for three consecutive days, and +10 °C, respectively, depending on the building's destination, as in Table 1 [44] .
In order to configure the heating system, the partial thermo-energy zoning of the locality has been introduced, with the identification of zonal thermal consumers, as per The proposed areas A1-A4 present constructive characteristics in accordance with Table 2 . Area 5 represents a main industrial area, as analyzed within the general study, and it will be the object of a future paper. The design of the district heating system is based on the assessment of the hourly heat demand, and the annual demand of thermo-energy (energyt), respectively. The hourly heat demand represents The proposed areas A 1 -A 4 present constructive characteristics in accordance with Table 2 . Area 5 represents a main industrial area, as analyzed within the general study, and it will be the object of a future paper. The design of the district heating system is based on the assessment of the hourly heat demand, and the annual demand of thermo-energy (energy t ), respectively. The hourly heat demand represents the maximum hourly heat demand within the heating period, determined by the calculation of the outdoor temperature in a stationary regime (according to Table 1 ), related to the space being heated, the ventilation, and the domestic hot water system of the buildings. The hourly heat demand was determined for each of the investigated buildings, in two working scenarios, before and after the buildings' envelopes underwent thermal retrofitting [47] . The annual energy t demand included the energy t demand for space heating, ventilation, and domestic hot water preparation, during the entire year. The retrofits for the buildings were done for an average level of envelope retrofitting (according to [38, 39] ), in order for the buildings to be framed in a superior performance class. According to [48] , the thermo-energy scale or thermo-energy classification grid for buildings in Romania sets the specific demand (i.e., consumption) values for heating, as described in Table 3 . Table 3 . The thermo-energy classification for buildings [48] . The annual demand of energy t was determined within a dynamic regime, using the thermo-energy computation platform [49] for each of the investigated buildings. The resulting data are presented in Tables 4 and 5 , which summarize the representative working scenarios that are used in the case study. The heat demands were assessed with the assistance of calculations and simulation software [47, 49] , or independently, according to the calculation methodologies described. In order to estimate the demands of domestic hot water within the reference buildings, a value of 90 L/individual/day was used in the case of dwelling buildings, and 4 L/individual/shift in the case of administrative buildings, at a delivery temperature of 50 • C. The hourly thermal energy demand was calculated for each area.
Thermo-Energy Performance Class
The calculation method for the annual heating demands [49] was based on heat exchange under a nonstationary regime, through opaque and transparent construction elements, and it considered the impact of heat intake due to human activity and solar radiation on the resulting interior temperature, as required under thermal comfort norms. The calculation method established the probable annual heating demands that must be provided by the heating system, in order to obtain a comfortable microclimate. The specific annual heating demand was calculated for each area. This method was selected, as it was superior to conventional methods that are used to estimate heating demands for urban consumers (for instance, the statistical method of heating characteristics, the methods of heating equivalent surfaces, etc.), so as to highlight and quantify the energy performances of urban consumers before and after thermal rehabilitation and modernization.
The annual energy t demand for space heating related to areas A 1 -A 4 was reduced by~32.3% in scenario S2 vs. scenario S1, once the building envelopes were thermally rehabilitated (i.e., modernized), respectively (see Table 6 ). Within the case study, the thermal energy consumers represented the urban areas, as defined by: the thermal energy demand, both hourly and annually; the surface thermal density; the integrated thermo-energy class.
The thermo-energy footprint is illustrated in Figure 3 for the study areas A 1 -A 4 , in the case of the two work assumptions, Scenario 1 and Scenario 2-before and after thermal rehabilitation and modernization of buildings, respectively.
Under a stationary regime, the expression of the heat demand Q h represents a linear function of the outside temperature (t e ) (see Figure 3) , as follows:
where the following notes have been made: a = G · V c , respectively b = G · V c t int − (Q S + Q int ), where the G-factor is defined as a "weighted" coefficient of the thermal insulation of all buildings within the study areas [42] . where:
V c represents the built-volume, in m 3 ; t int = the indoor temperature of the designed house; Q S = the solar input, in kW; Q int = the internal input, in kW.
For the case study analyzed, the weighted coefficient of thermal insulation G has the following values: The ranked curve represents the decrease of the hourly energy demands on the entire period of a year. It is obtained by classifying all daily load curves. By overlapping all load curves, the 'mountain' load of the system was obtained. By intersecting it with a perpendicular plane, the power levels and the associated time periods were identified, resulting in the shapes from Figure 4 . In Figure 4 , the ranked curves of the thermal energy demand for heating and domestic hot water preparation (DHW) are graphically represented, in the case of the two working scenarios, scenario S1 and scenario S2, respectively. Within the case study, the thermal energy consumers represented the urban areas, as defined by: the thermal energy demand, both hourly and annually; the surface thermal density; the integrated thermo-energy class.
The thermo-energy footprint is illustrated in Figure 3 for the study areas A1-A4, in the case of the two work assumptions, Scenario 1 and Scenario 2-before and after thermal rehabilitation and modernization of buildings, respectively. Under a stationary regime, the expression of the heat demand Qh represents a linear function of the outside temperature (te) (see Figure 3 ), as follows:
where the following notes have been made: a = G · Vc, respectively b = G · Vctint − (QS + Qint), where the G-factor is defined as a "weighted" coefficient of the thermal insulation of all buildings within the study areas [42] . where:
Vc represents the built-volume, in m 3 ; tint = the indoor temperature of the designed house; QS = the solar input, in kW; Qint = the internal input, in kW.
For the case study analyzed, the weighted coefficient of thermal insulation G has the following values: • for Scenario 1 (S1): G = 1.6 · 10 −3 W/(m 3 K); The ranked curve represents the decrease of the hourly energy demands on the entire period of a year. It is obtained by classifying all daily load curves. By overlapping all load curves, the 'mountain' load of the system was obtained. By intersecting it with a perpendicular plane, the power levels and the associated time periods were identified, resulting in the shapes from Figure 4 . In Figure  4 , the ranked curves of the thermal energy demand for heating and domestic hot water preparation (DHW) are graphically represented, in the case of the two working scenarios, scenario S1 and scenario S2, respectively. The significant impacts of the thermal rehabilitation and modernization of building envelopes on the energy footprints of their areas are presented in Figures 3 and 4 .
The thermal energy consumption would decrease in Romania, following the completion of thermo-energy rehabilitation and modernization works on existing buildings, and at the same time, the reduction of the polluting emissions associated with the improvement of hygiene conditions and the interior thermal comfort, respectively, could be achieved. In the context of the case study for buildings located within areas A1-A4, the hourly heat demand for space heating was decreased by 41.5% compared to its initial value. Also, the value of the annual demand of energyt for space heating decreased by 32.3%, compared to the initial value (see Tables 4 and 5 ), considering the fact that the existing buildings were thermally retrofitted (i.e., thermally insulated) at an average level (according to [38, 39] The significant impacts of the thermal rehabilitation and modernization of building envelopes on the energy footprints of their areas are presented in Figures 3 and 4 .
The thermal energy consumption would decrease in Romania, following the completion of thermo-energy rehabilitation and modernization works on existing buildings, and at the same time, the reduction of the polluting emissions associated with the improvement of hygiene conditions and the interior thermal comfort, respectively, could be achieved. In the context of the case study for buildings located within areas A 1 -A 4 , the hourly heat demand for space heating was decreased by 41.5% compared to its initial value. Also, the value of the annual demand of energy t for space heating Tables 4 and 5 ), considering the fact that the existing buildings were thermally retrofitted (i.e., thermally insulated) at an average level (according to [38, 39] ).
The Solar-Assisted Heating System Configuration
The hybrid heating system assumes the use of solar energy in order to produce heat, by integrating solar-based systems in a decentralized way in the existing heating system, in a complementary mode to the conventional sources.
The hydraulic integration of the thermo-solar systems was conducted at the level of the thermal stations (TS) existing within the area. The case study aims at the A 1 -A 4 reference areas, with the initial and final thermo-energetic characteristics, as per Tables 4 and 5 , which are characteristics that have led to the work scenarios S1 and S2. The temperature values of the thermal agent of the heating network are set forth below: in the case of Scenario S1, 90/60 • C, and 70/40 • C in the case of Scenario S2. The integration mode of the thermo-solar fields at the level of the thermal stations TS of the areas is presented in Figure 5 .
In order to compare the secured indicators between areas with different characteristics, the following assumption was considered: the reference system for the configuration of the hybrid heating system was a thermo-solar system consisting of 5000 thermal collectors, having a gross surface of 10,000 m 2 , and a thermal energy storage system with a nominal volume of 4000 m 3 . Solar collectors with a gross surface area of 2 m 2 were chosen, in order to simplify their assembly work within crowded urban areas, on roofs of buildings, over car parks, etc. The system had a solar fraction output of 60% for the area with the lowest thermal density (A 4 area) within the initial scenario of energy efficiency (S1). The land-use footprint in relation to the annual solar fraction achieved (%α a -the equivalent surface [50] ) was verified in situ within the study case, and an evaluation of existing surfaces without any other usefulness, and therefore available for mounting solar thermal fields, mainly on buildings' roofs and over car parks, was made.
The operating regime in the heating system contained variable flow. The volumetric flow within the solar collector field was automatically set, including the function of the temperature in the storage tank, and the temperature in the collector's field, respectively. In order to compare the secured indicators between areas with different characteristics, the following assumption was considered: the reference system for the configuration of the hybrid heating system was a thermo-solar system consisting of 5000 thermal collectors, having a gross surface of 10,000 m 2 , and a thermal energy storage system with a nominal volume of 4000 m 3 . Solar collectors with a gross surface area of 2 m 2 were chosen, in order to simplify their assembly work within crowded urban areas, on roofs of buildings, over car parks, etc. The system had a solar fraction output of 60% for the area with the lowest thermal density (A4 area) within the initial scenario of energy efficiency (S1). The land-use footprint in relation to the annual solar fraction achieved (%αa-the equivalent surface [50] ) was verified in situ within the study case, and an evaluation of existing surfaces without any other usefulness, and therefore available for mounting solar thermal fields, mainly on buildings' roofs and over car parks, was made.
The operating regime in the heating system contained variable flow. The volumetric flow within the solar collector field was automatically set, including the function of the temperature in the storage tank, and the temperature in the collector's field, respectively. In order to achieve the virtual frame for the simulations for the hydraulic system configured in Figure 5 , an automation and control system was attached, according to Table 7 . Table 7 . The control algorithm attached to the hybrid heating system.
Automation Input (Sensors)
Automation Output (Actuators) Figure 5 . Optimized hybrid heating system with the integration of area thermal stations (TS). Hydraulic scheme of the principle [51] . In order to achieve the virtual frame for the simulations for the hydraulic system configured in Figure 5 , an automation and control system was attached, according to Table 7 . The thermal storage layers index used for the control algorithm (Table 7) were designed according to the 12-layer model of thermal stratification in the storage tank.
The solar collectors used were flat-plane collectors, with the following coefficients: η 0 = 75-80% (corresponding to the laminar and turbulent flow conditions), k 1 = 3.5-4.0 W/(m 2 K) (in the absence and in the presence of wind, respectively), and k 2 = 0.02 W/(m 2 K 2 ). The solar collectors had a mounting angle of 45 • , and the values of solar irradiation were adjusted accordingly within the virtual simulation framework. The efficiency curves that were secured based on the Hottel-Whillier-Bliss equation, for the collectors used in the case study, are shown in Figure 6 . Solar collectors with a gross area of 2 m 2 were chosen, in order to simplify the assembly work within crowded urban areas, on buildings' roofs, over car parks, etc. The thermal storage layers index used for the control algorithm (Table 7) were designed according to the 12-layer model of thermal stratification in the storage tank.
The solar collectors used were flat-plane collectors, with the following coefficients: η0 = 75-80% (corresponding to the laminar and turbulent flow conditions), k1 = 3.5-4.0 W/(m 2 K) (in the absence and in the presence of wind, respectively), and k2 = 0.02 W/(m 2 K 2 ). The solar collectors had a mounting angle of 45°, and the values of solar irradiation were adjusted accordingly within the virtual simulation framework. The efficiency curves that were secured based on the Hottel-Whillier-Bliss equation, for the collectors used in the case study, are shown in Figure 6 . Solar collectors with a gross area of 2 m 2 were chosen, in order to simplify the assembly work within crowded urban areas, on buildings' roofs, over car parks, etc. 
Results and Discussion
The most representative values obtained for areas A1-A4 within the case study for heat demand in the hybrid heating system are presented as follows. 
The most representative values obtained for areas A 1 -A 4 within the case study for heat demand in the hybrid heating system are presented as follows.
Processing the Preliminary Data Related to the Urban Area Heat Demand
The thermo-energetic balance indicators secured for areas A 1 -A 4 within the established hypotheses are centralized in Table 8 .
The diagram presented in Figure 7 illustrates, in a comparative manner, the performance indicators that are achieved for the hybrid heating systems from areas A 1 -A 4 within the two work scenarios, S1 and S2.
The annual efficiency of the thermo-solar collectors' field is defined as the ratio between the annual amount of useful heat that is supplied to the served thermic system, and the aperture area of the collectors' field. Delivering thermal energy in the district heating network, based on the feed-in principle, is limited to the level of excess energy management, which is due to the differences between the variable features of the solar resource and the consumption profile. Since the collector's field surface is similar in both cases, one can see in Figure 7 that the solar fractions achieved in area A4 were much higher, but also that the stagnation periods of the thermo-solar system and the resulting excess energy were also higher. On the other hand, this resulted in high operating temperature values, and a decrease of operational efficiency for the solar collectors. The assumption of the same area of the solar collectors' field being integrated into urban areas with different thermal energy densities was introduced, in order to compare similar investments in urban areas with different energy densities, within a gradual energy retrofit process for urban localities. The annual efficiency of the thermo-solar collectors' field is defined as the ratio between the annual amount of useful heat that is supplied to the served thermic system, and the aperture area of the collectors' field. Delivering thermal energy in the district heating network, based on the feed-in principle, is limited to the level of excess energy management, which is due to the differences between the variable features of the solar resource and the consumption profile. Since the collector's field surface is similar in both cases, one can see in Figure 7 that the solar fractions achieved in area A4 were much higher, but also that the stagnation periods of the thermo-solar system and the resulting excess energy were also higher. On the other hand, this resulted in high operating temperature values, and a decrease of operational efficiency for the solar collectors. The assumption of the same area of the solar collectors' field being integrated into urban areas with different thermal energy densities was introduced, in order to compare similar investments in urban areas with different energy densities, within a gradual energy retrofit process for urban localities. The background colours correspond to the graphic representations in Figure 7 . The results of the comparative analyses conducted after developing the case study for the proposed areas A 1 -A 4 (initial energy performances of the thermal consumers versus the final energy performances of the thermal consumers), in accordance with the established hypotheses, are centralized in Tables 9 and 10 , and graphically illustrated within the comparative diagrams presented in Figures 8 and 9 . The background colours correspond to the graphic representations in Figure 8 . * natural gases as a reference. The background colours correspond to the graphic representations in Figure 9 .
Eres-TS and Eres-C (kWh/m 2 year) are indicators of primary energy from renewable energy sources, determined in the first case, at the level of the thermal stations (TS), and in the second case, at the level of the consumers (C). Their values (according to Table 10 and Figure 9 , respectively) are closely related to the annually harnessed solar energy, relative to the heated surfaces. Thus, the low values of the Eres-TS and Eres-C indicators within the first two cases (areas with high-energy densities) represent a consequence of the introduced hypothesis: the assumption of the same area of solar collection integrated in urban areas with different thermal energy densities. One of the conclusions is that the same thermal solar collector surface, implemented in urban areas with different densities, records the values of these efficiency indicators as being lower and the energy density of the area as being is higher, and thus the annual solar fractions achieved are higher.
The performance indicators achieved after developing the case study, as presented in Table 11 for the proposed areas A 1 -A 4 , have been divided into the number of consumers involved (persons). The specific performance indicators have been secured in relation to the number of consumers and implicitly to the energetic density of the proposed areas. In this regard, the resulting data can be used as input data for future technical-economic studies as required, for the implementation of thermo-solar systems within the proposed configurations for similar urban areas. The background colours correspond to the graphic representations in Figure 8 . * natural gases as a reference. The background colours correspond to the graphic representations in Figure 9 .
Eres-TS and Eres-C (kWh/m 2 year) are indicators of primary energy from renewable energy sources, determined in the first case, at the level of the thermal stations (TS), and in the second case, at the level of the consumers (C). Their values (according to Table 10 and Figure 9 , respectively) are closely related to the annually harnessed solar energy, relative to the heated surfaces. Thus, the low values of the Eres-TS and Eres-C indicators within the first two cases (areas with high-energy densities) represent a consequence of the introduced hypothesis: the assumption of the same area of solar collection integrated in urban areas with different thermal energy densities. One of the conclusions is that the same thermal solar collector surface, implemented in urban areas with The performance indicators achieved after developing the case study, as presented in Table 11 for the proposed areas A1-A4, have been divided into the number of consumers involved (persons). The specific performance indicators have been secured in relation to the number of consumers and implicitly to the energetic density of the proposed areas. In this regard, the resulting data can be used as input data for future technical-economic studies as required, for the implementation of thermosolar systems within the proposed configurations for similar urban areas. 
Conclusions
This paper presents a case study within a research project, referring to the partial integration of thermal solar fields for heat production in urban areas as a part of the optimization process of the existing heating system in the city of Oradea, Romania. A deterministic method was used as the method of determination of heat demand under both stationary (hourly heat demand) and dynamic regimes (annual heat demand), and simulations within the configuration and optimization process of the hybrid heating systems were carried out using the Polysun Solarthermal Software (version 2016, Vela Solaris AG, Winterthur, Switzerland).
In the case study, representative areas with different thermal densities are analyzed within two working scenarios that take into account the energy performances of the buildings. Based on the proposed and achieved performance indicators, it is recommended that thermal-solar energy, under a hybrid system, even within crowded areas, is used for optimizing the existing heating systems with partial integration of the solar systems at the level of the thermal stations, with short-or medium-term storage, and with the management of excess energy based on the feed-in principle, in the case of Oradea, Romania. By determining the specific performance indicators, in relation to the number of consumers, the resulting data can be used as the input data for future technical-economic studies for similar urban areas. Moreover, by integrating systems that harness renewable energies within crowded urban areas, pollutant emission levels should drop significantly, resulting in the depollution of urban areas.
Due to various economic and social issues, renewable and alternative energy sources are poorly harnessed in crowded urban areas. In the future, the study of both integration modes is also recommended: partially decentralized, with integration at the thermal stations, versus decentralized, with integration at the consumer site, both from economic and social perspectives. Funding: This research received no external funding.
